Background: Large, representative studies are needed to evaluate cause-specific aspects of socio-economic inequalities in mortality. Methods: We conducted a census-based retrospective cohort study to quantify differences in cause-specific premature mortality by educational level in Italy. We linked the 2011 Italian census with 2012 and 2013 death registries. We used the mortality rate ratio (MRR) as a measure of relative inequality. Results: Overall, 305 043 deaths (190 061 men-114 982 women) were registered from a population of 35 708 445 subjects aged 30-74. The age-standardized mortality rate for all educational levels was 57.68 deaths per 10 000 personyears among men and 31.41 among women. MRR from all causes was 0.51 (95% CI: 0.49; 0.52) in men and 0.63 (95% CI: 0.61; 0.65) in women for the highest (university) compared to the lowest level of education (none or primary school). The association was stronger in single than in married individuals: MRRs were 0.36 (95% CI: 0.34; 0.39) in single men, 0.57 (95% CI: 0.55; 0.59) in married men, 0.44 (95% CI: 0.40; 0.47) in single women and 0.69 (95% CI: 0.66; 0.72) in married women. High education was associated with lower mortality from liver, circulatory, chronic respiratory and genitourinary diseases in both sexes. Highly educated men had a lower mortality from lung cancer than less educated men, whereas highly educated women did not have a reduced mortality from lung and breast cancers. Conclusion: Level of education is a strong indicator of premature mortality. The magnitude of the association between educational level and mortality differs across sexes, marital status and causes of death. 
Introduction

E
ducational inequality in mortality has been reported in several countries, with magnitude differing greatly across countries. 1, 2 Within Europe, eastern countries show the highest level of inequality, while southern countries have the lowest level. 3 In the last two decades, mortality among less educated groups decreased, but, relative inequality widened in almost all European countries. 4 Most of the evidence of educational inequality in mortality in Europe derives from longitudinal census-linked studies. 3 In Italy, epidemiological data on inequality come from a national sample of the Italian population (the National Health Interview survey), 5, 6 and from studies conducted in a selected urban area. 7, 8 These studies focused mainly on overall mortality and mortality from wide groups of causes, such as circulatory diseases and neoplasms. However, they could not quantify the effect of education on cause-specific inequality because of the small number of events. This prevented deriving a comprehensive picture of educational inequalities in the whole country.
Moreover, other socio-economic variables and geographical differences in the pattern of lifestyle risk factors may affect the relationship between education and mortality. Being unmarried may exacerbate the effect of other socio-economic variables, such as education or inactivity, 9,10 and a higher prevalence of overweight/ obesity and smoking in Southern Italy 11, 12 may widen the educational differences in mortality in this region.
We conducted a longitudinal census-based national study with the following aims: (i) to quantify the relative inequality in overall and cause-specific premature mortality (death before age 75) among educational levels in Italy; (ii) to estimate the premature deaths attributable to low education in the Italian population; (iii) to evaluate whether the relationship between education and premature mortality is different across strata of marital status and geographical area of residence. We hypothesized that the association between education and mortality may be stronger among unmarried people and people living in Southern Italy.
Methods
This study is part of an extensive project of the Italian National Institute of Statistics, which aims to evaluate socioeconomic inequalities in mortality in Italy. The project is included in the National Statistical Programme, which was approved by the Italian Data Protection Authority.
We carried out a retrospective cohort study by linking the October 9, 2011 census of the Italian population with the mortality registries for the calendar years 2012 and 2013. The tax code was used as matching key. To minimize false match rate, the tax code reported on the death certificate was checked for consistency with personal details of the deceased citizen before matching and, in case of inconsistency, a new tax code was recalculated from the personal details and used for the matching. The percentage of deaths successfully linked with the 2011 census was 95%. It was similar across sexes, age categories and areas of residence.
We set the start of the study on 1 January 2012 and reconstructed the population at risk at that date by subtracting all the deaths that occurred between October 9, 2011 (census date) and December 31, 2011. All subjects aged 30-74 years on 1 January 2012 were included the study. Younger subjects were not considered because those individuals may have not completed their educational course.
We collected demographic and socioeconomic variables including sex, age, region of residence, marital status and the highest educational attainment from the census, while from the mortality register we retrieved the date of death and the cause of death, coded according to the International Classification of Disease (ICD), 10th Revision. The list of residents in all Italian municipalities, in the period 2012-13, was used to track residents who moved abroad. From this list, we extracted the individuals who had been deleted from the list for emigration to obtain the emigration date. These individuals were linked with the census and censored at the date of emigration.
We computed age-standardized mortality rates (ASMRs) by sex, group of causes and educational attainment using the 2013 European standard population 13 as reference and we estimated the premature mortality rate ratio (MRR) and the corresponding 95% confidence interval (CI) by a log-linear quasi-Poisson model. 14 To verify if the association between educational attainment and mortality was different among geographical area of residence and marital status, we ran separate models for each stratum of these variables. We considered the magnitude of the association different among strata of marital status or geographical area of residence if the 95% CIs of the MRRs did not overlap.
To evaluate the impact of low education on premature mortality we estimated the number of deaths attributable to low education and the population attributable fraction.
All analyses were performed in R 3.3.2.
Results
A total of 35 708 445 subjects were included in the study accounting for 70 484 037 person-years at risk. Table 1 shows the population, the number of deaths and the ASMR for all causes by sex and level of education. During the observation period a total of 305 043 premature deaths occurred, with a remarkable educational gradient in mortality in both sexes. Supplementary table S1 shows the distribution of deaths and the ASMR by sex, selected causes of deaths and level of education. ASMR for most of the select causes decreased with increasing level of education, with the exception of breast and lung cancers, transport accident and suicide in women. The ASMR for all causes was 77.2 deaths per 10 000 person-years among men and 38.3 among women with the lowest level of education (no education or primary school), whereas it was 37.5 among men and 24.1 among women with the highest level of education (university). Table 2 gives the MRR according to educational level computed for mortality from all causes and a group of selected causes of death, separately by sex. Compared to the lowest level of education the MRR for the highest level was 0.51 (95% CI: 0.49; 0.52) in men and 0.63 (95% CI: 0.61; 0.65) in women. High education was associated with lower mortality from infectious, liver, ischemic heart, cerebrovascular, chronic lower respiratory, genitourinary diseases and transport accident in both sexes. Compared to the lowest level of education, highly educated men had a considerable lower risk of mortality from all neoplasms and lung cancer, whereas highly educated women had a slight lower risk of mortality from all neoplasms, but a similar mortality risk from breast and lung cancers. Women with middle school or high school showed a slight increased risk of mortality from breast and lung cancers, compared to those with no education or primary school. Mortality from suicide was lower in highly educated men, whereas it was similar among educational levels in women.
Differences in mortality between the highest and the lowest level of education were wider in men for neoplasms, chronic respiratory diseases and transport accident, while they were larger in women for circulatory disease. Figure 1 shows the MRRs of the highest compared to the lowest level of education for all causes, neoplasms and circulatory diseases, the two main causes of premature death in Italy, in strata of area of residence and marital status. Results for the remaining causes are shown in Supplementary tables S2 and S3. The educational difference in mortality from neoplasms was slightly wider among men and women living in Northern Italy. Similar figures emerged from the analysis of mortality from circulatory diseases in men. With regard to the other causes considered in this study, the MRRs for the highest compared to the lowest level of education were not significantly different across strata of geographical area of residence (Supplementary table S2 ). In both sexes, the MRRs from all causes, neoplasms and circulatory diseases were significantly lower in single than in married individuals. The MRRs from all causes, neoplasms and circulatory diseases were lower in separated or divorced than married men, whereas there were no significant differences among women. The MRRs from liver diseases and diseases of the genitourinary system were significantly lower in single than in married men, whereas there were no significant differences among women (Supplementary table S3 table S3 ).
In table 3 we figured out two scenarios to estimate the premature mortality attributable to low education: Scenario #1-people in the lowest two educational levels experienced the mortality of the high school level; Scenario #2-people in the lowest two levels of education experienced the mortality of the subsequent level (middle school for none or primary school and high school for middle school). Scenario #1 would decrease overall mortality by 18.6% in men and 13.2% in women, while scenario #2 would produce a 14.2% reduction in men and 9.2% in women. In men the reduction in mortality would come mainly by a decreased Notes: ASMR, Age-Standardized Mortality Rate. Four levels of education were considered: no education or primary school (duration: 5 years, age range: 6-11 years), middle school (duration: 3 years, age range: 11-14 years), high school (duration: 5 years, age range: 14-19 years) and university education (duration: 3-10 years depending on the university course). Fourteen individuals with missing data for education were excluded from the study. a: Number of Italian residents on 1 January 2012.
mortality from neoplasms while in women from a reduction in mortality from diseases of the circulatory system.
Discussion
This study quantifies how educational attainment affects premature mortality in Italy, and indicates that the magnitude of the effect depends on sex, marital status and cause of death. Higher education is strongly associated with decreased premature mortality from all causes and circulatory diseases in both sexes and with decreased cancer-related mortality only in men.
Our results are consistent with data from other European countries showing higher inequality in overall mortality among men. 3 In an international study on mortality data collected in '80s in six European countries and the USA, 15 low education was strongly associated with mortality from cardiovascular diseases in both sexes and with cancer-related mortality only in men. Similarly, a multi-national cohort study (the European Prospective Investigation into Cancer and Prevention), 1 including 371 295 subjects recruited between 1992 and 1998, reported a comparable educational inequality in mortality from circulatory diseases in women and men, whereas did not find a significant inequality in cancer-related mortality among women.
The unfavorable distribution of behavioral risk factors among less educated men and in highly educated women probably contributed to an increase in the cancer incidence rate in these groups. In fact, smoking and alcohol consumption are more prevalent in less educated men and in highly educated women. 12 Moreover, the different inequality in mortality among sexes may also be the consequence of the different contribution of incidence and survival from breast and lung cancers in overall cancer mortality in women and men. Breast cancer, the most common cancer in women, tends to be more prevalent among higher social strata, 16 while survival after breast cancer is better in women in the highest social class. 17 In men, both incidence and mortality from lung cancer, the most common cancer, are associated with low education. 18, 19 Higher prevalence of smoking, obesity, unhealthy diet and low physical activity among lower-educated people partly or largely explain the higher mortality from circulatory diseases in this group. In fact, all these factors are major risk factors for circulatory Notes: MRRs were obtained by log-linear quasi-Poisson models. The model included the natural log of the number of deaths as dependent variable, highest educational attainment, geographical area of residence, marital status and age as independent variables, and personyears at risk as offset variable. Person-years at risk was obtained by adding up the time during which the vital status of the subject was known, i.e. the time between the start of the study and the date of death or censoring (December 31, 2013 for subjects alive on that date or the date of emigration for subject who moved to a different country). Age was included in the model as 5-year categories and also as continuous term. Geographical area of residence was coded in three categories: North (Valle d'Aosta, Piemonte, Liguria, Lombardia, EmiliaRomagna, Friuli-Venezia-Giulia, Trentino-Alto Adige, Veneto), Center (Lazio, Marche, Toscana, Umbria) and South (Abruzzo, Puglia, Basilicata, Calabria, Campania, Molise) and major Islands (Sardegna and Sicilia). Marital status was coded in four categories: single, married, divorced or separated and widowed.
diseases. 11, 20 In addition, lower educated people are less likely to monitor blood pressure and cholesterol levels compared to highly educated individuals. 21 Although public healthcare system in Italy is universal and free, utilization of specialist visits and diagnostic tests favors people in high SES. 22 This unequal utilization of public health services may also affect the prognosis of all diseases considered in this study.
Differences in smoking prevalence and differences in access to treatment may also explain the strong association between low education and mortality from chronic respiratory diseases. 23 Although the latter association can be affected by a confounding effect of occupational exposures, 24 that has not been evaluated in the present study.
Greater alcohol consumption along with higher prevalence of viral hepatitis and less effective treatment could explain the higher mortality from liver diseases in lower-educated subjects. 25 We found a strong inverse association between education and mortality from diseases of the renal and genitourinary system that is likely mediated by a higher prevalence of unhealthy behaviors, diabetes, hypertension and obesity in lower-educated subjects. 26 In fact, previous studies found that low SES was associated with higher incidence of chronic kidney disease, progression to end-stage renal disease, inadequate dialysis treatment and poor health outcomes. 27 In our study, less educated subjects had a higher risk of death from transport accidents and suicide, although the association was stronger in men. A riskier behavior and a higher prevalence of high-risk occupations, including driver, in less educated men and more time spent driving in early generations of highly educated women, are among the possible explanations of the sex-specific pattern of association for mortality related to transport accidents. In fact, highly educated women are more likely to have a job than their lower-educated counterpart and then to be involved in a traffic accident. This may, at least partly attenuate the educational difference in mortality from traffic accident in women.
The association between education and premature mortality was stronger in single than in married individuals suggesting that being married may attenuate the unfavorable effects of low education. The beneficial effect of being married includes having more material resource, less risky behaviors, less psychological stress and stronger social support and social networks, resulting in a healthier lifestyle and a more awareness of the own health status. 28 However, we considered education at individual level, while SES of married individuals is influenced by spouse's level of education. Moreover, we cannot exclude that a lower proportion of married among sick or disabled subjects may also contributed to lowering the risk of married people. However, data on disabilities were not available in this study.
Our data show that the association between education and mortality is not substantially different among area of residence, indicating that education is a strong predictor of premature mortality all over the country. However, while the association between education and mortality from all causes and neoplasms was consistently higher in men than in women in all areas, a different pattern was observed for circulatory diseases, with a stronger association in women in Central and Southern Italy and no appreciable sex difference in Northern Italy.
In this study, we considered educational level, which is a reliable proxy of socio-economic status (SES), because it rarely changes over the lifetime and it is strongly related to job position and income. However, level of education may not reflect SES in the older cohorts and may not have the same meaning in different birth cohorts. Low level of education in the younger Italians may indicate a worse psychological/medical condition compared to older Italians, whose education was strongly influenced by the social class of the family.
Our study is among the most informative to evaluate educational inequality in mortality as it includes one of the largest populations ever studied. The successful linkage of national databases (95% of the deaths have been linked to the census) allowed, for the first time, to provide a comprehensive picture of the socio-economic inequalities in mortality in Italy. It should also be mentioned that it provides unique data to be used for international comparisons considering not only overall mortality but also cause-specific inequalities.
We could not evaluate the specific contribution of lifestyle behaviors or medical factors (early diagnosis and access to effective treatment) to SES differences in mortality. Several studies suggested that lifestyle behaviors explain a considerable proportion of SES difference in mortality. [29] [30] [31] [32] [33] However, when behavior factors are treated as time-varying variables, the estimate becomes more consistent. A study based on data from the British Whitehall II cohort, 34 found that four behaviors (smoking, alcohol consumption, diet and physical activity) explained 70% of the difference in occupational mortality, and a recent analysis of the Health and Retirement Study, using a composite SES index, found that three behaviors (smoking, alcohol consumption and physical activity) explained 68% of SES difference in mortality. 35 When major behavioral risk factors are taken into account the excessive risk of overall, cardiovascular and cancer mortality among subjects with low SES diminished but did not disappear. [36] [37] [38] Psychosocial factors were not evaluated in the previously mentioned studies. However, they are thought to be the unmeasured risk factors accounting for the unexplained difference in inequalities among SES levels. 39 Stress, depression, hopelessness, financial difficulties, lack of social support and social networking, and low job control could be more prevalent in people with low socio-economic position and they are all factors associated with high mortality. 40 The short follow-up is among the main limitation of the study. Matching the mortality data with the 2011 census resulted in 2 years Table 3 Premature deaths attributable to low education computed under two different scenarios: Scenario #1-lower educated groups (none, primary and middle school) experience the mortality of the high school; Scenario #2-subjects in the two lowest levels of education experience the mortality of the subsequent level (middle school for none or primary school or high school for middle school), 2012-13 Notes: The number of deaths attributable to low education was calculated as the difference between observed and expected deaths. The expected deaths were obtained by applying the mortality rate of the higher level of education to the population at risk in the lower educational level. Two different scenarios were hypothesized: in scenario #1 we considered high school as higher educational level for all individuals having less than a high school education, while in scenario #2 we considered the subsequent level as higher level of education for individuals who had less than a university education. We did not consider a scenario when all individuals would experience the mortality risk of university-educated subjects since they accounted for only 14% of the population and 6% of total events. The attributable deaths, expressed in absolute terms and as population attributable fraction.
of follow-up, as the last available mortality data, at the time of the study, refer to 2013. Using the previous census (2001) would have resulted in a longer follow-up, however, this was not possible as the quality of the tax code in the 2001 census was not sufficiently high to provide a good matching. On the other hand, in these 2 years we collected socio-demographic and mortality data on more than 300 000 deceased persons, providing precise estimates of educational inequality for many diseases that have a well-recognized impact on public health.
In conclusion, level of education is a strong indicator of total and cause-specific premature mortality all over Italy and it is a stronger risk factor in single than in married individuals. These findings have important implications for targeting efforts to reduce existing disparities in mortality in Italy. Given the deleterious health implications of low education, specific strategies should be implemented to reduce lifestyle risk factors and encourage early diagnosis, regular monitoring and timely treatment of life-threatening diseases among the less educated individuals.
Supplementary data
Supplementary data are available at EURPUB online.
Key points
With over 35 million of Italian residents we were able to quantify socioeconomic inequality for several causes, including infective diseases, all neoplasms, lung cancer, breast cancer, ischemic heart diseases, cerebrovascular diseases, chronic respiratory diseases, liver diseases, diseases of the genitourinary system, transport accidents and suicide. Socio-economic inequality considerably differs between sexes and causes of death. The association between education and mortality was stronger in single than in married individuals.
